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Background

The beef industry has made improvements in tenderness over the years, resulting in flavor becoming a
more important factor of consumer acceptability. Although flavor is commonly used as a singular and
straightforward term, it is actually very complex and influenced by many factors. Marbling level,
internal temperature, cooking method and other variables are related to the flavor development of
meat. Additionally, due to variation in function and composition of different muscles, chemical
characteristics of meat cuts vary. Therefore, various cuts of beef respond differently to different
cooking methods and internal cooking temperatures.

Research has been performed for many of the most popular beef items to understand chemical and
sensory characteristics of beef cuts. However, there are other, lesser consumed cuts of meat available
in the marketplace that have not been studied as extensively. Additionally, changes in beef fabrication
procedures have allowed specific muscles from the round and chuck to be separated and
merchandized individually to deliver a more consistent product for consumers. These innovative beef
cuts have not been analyzed with regard to how cooking method, marbling level, and internal
temperature play a role in flavor and palatability.

The objective of this study was to evaluate the effects of quality grade, final internal temperature, and
cooking method on sensory profile and volatile compound profile of five beef muscles: rectus femoris,
gluteus medius, infraspinatus, triceps brachii, and teres major, in order to characterize sensory
characteristics of these cuts.

Methodology

The treatment outline was derived from combinations of two quality grades (USDA Select, Upper 2/3
Choice/Top Choice), three cooking methods (grill, pan grill, oven roast), and three final internal
temperatures (58.3°C, 70°C, and 80° C). Each unique treatment combination (n = 104) was
replicated six times. Vacuum-packaged beef was purchased directly from a commercial beef harvest
facility and transported to the Colorado State University Meat Laboratory where it remained under
refrigerated conditions until it was fabricated into respective muscles at 14 days post-production.
Samples were then frozen at -20° C until analysis.

Grill and pan grill cooking methods were applied to 2.54 cm steaks from all muscles. Oven roasting
was applied to roasts from rectus femoris, gluteus medius, and triceps brachii, as well as whole
muscles of infraspinatus and teres major. Additionally, whole teres major muscles were subjected to
grill and pan grill treatments to represent common cooking practices for this cut. Each
sample was analyzed by a trained sensory panel to provide ratings for flavor, tenderness, and
juiciness factors. Six trained panelists evaluated twelve samples per panel; a total of 51
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panel sessions were conducted. Volatile compound analysis was performed on the same samples as
were cooked for and served to trained panelists.

Findings

Although muscles were not compared directly, muscle differences did exist in regard to
treatment effect. Degree of doneness had the greatest impact across all muscles evaluated.
Higher final temperatures were related to higher beef ID, browned, and roasted notes in most
muscles, but decreased tenderness in all muscles. Additionally, panelists detected greater
amounts of bloody/serumy, metallic, and sour flavors in samples cooked to lower end-point
temperatures. Cooking method affected flavor note ratings for all muscles, with oven roasting
producing increased cardboardy, earthy/musty, and sour flavors. Perhaps the most evident
difference related to cooking method was the more intense bitter and burnt flavors associated
with pan grilling. Quality grade had a minimal impact on the muscles included in the study, but
Top Choice samples of triceps brachii did present higher tenderness ratings than those from
the Select grade. Association of volatile aromatic compounds with specific treatments also
varied based on muscle. Overall, the 80°C and pan grilling treatments were related to the
most volatile compounds compared to other treatments; primarily pyrazines, alkanes, and
alkenes.

Implications

These results highlight the importance of understanding the properties of individual cuts in
order to best use them to create a positive eating experience. In combination with previous
research, this data will be used to develop a resource that characterizes sensory
characteristics of lesser-utilized beef cuts. Not only will the beef industry benefit from greater
knowledge about various cuts to improve carcass utilization, but foodservice operations as
well as in-home cooks may be able to purchase more affordable items without sacrificing
eating satisfaction.
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Figure 1. Collage of images from the study.
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Table 1. Trained sensory attributes! of USDA Select and Upper 2/3 Choice (Top Choice) beef
infraspinatus cooked to three degrees of doneness using three cook methods.

Quality Grade Final Temperature (°C) Cook Method
Attribute Select Top  SEM* P— 583 70 80 SEM> P—  Grill  Pan Oven SEM® P—
Choice Value Value Grill  Roast Value

Beef FlavorID 693 692 0.10 093 6.66" 678" 733" 012 <0.01 691% 7.18° 668 012 <0.01

Browned 566 571 011 074 515" 556" 634° 0.13 <0.01 559 6.39° 508 013 <0.01
Roasted 651 648 011 081 632" 647 669" 012 003 6.52 640 657 012 047
Bloody/Serumy 0.84 096 0.06 0.19 140" 093" 038° 0.08 <001 096" 0.69° 106" 0.08 <0.01

Metallic 098 101 006 065 109" 1.03" 086" 0.07 0.02 087" 103" 1.08° 0.07 0.04
Fat-Like 155 161 0.07 061 160™ 172" 142" 009 004 174 154 147 0.09 0.06
Umami 085 0.86 006 090 082™ 076" 1.00" 0.07 003 092° 096 070" 0.07 0.02
Sweet 035 036 004 091 035 035 036 005 09 044 026" 036" 005 0.02
Sour 0.67 0.69 006 064 080" 073" 051" 0.07 <0.01 0.65° 053 090" 007 <0.01
Salty 061 059 005 072 049" 059" 071" 006 <001 051" 075 054 0.06 <0.01
Bitter 0.54 057 006 066 032° 053" 083" 0.07 <0.01 036 092° 039 007 <0.01
Burnt 034 031 006 068 006 028" 063" 007 <001 010° 0.80" 0.07° 0.07 <0.01
Buttery 061 070 005 024 074" 072" 051" 0.07 0.02 076 058 063 006 013
Heated Oil 0.07 0.05 002 031 0.5 005 008 002 032 006 008 005 0.02 0.57
Cardboardy 0.44 049 0.05 044 046 049 045 0.06 0.84 044" 036" 060" 006 <0.01
Livery 041 061 007 006 0.50 055 047 009 080 050" 033 071° 009 001

Green/Hay-like 0.17  0.25 0.03 008 0.20 0.18 023 004 070 0.17 0.16 0.28 0.04 0.07

Earthy/Musty  0.72 072 005 098 0.74™ 0.81" 060" 0.06 0.03 068 059 089" 006 <0.01

luiciness 8.30 8.30 015 099 881" 860" 749" 0.18 <0.01 851 8.07 832 018 o011
MF Tenderness® 9.61  9.46 018 056 1001 952™ 9.08" 022 001 9.77 926 9.57 0.22 0.24
CTTenderness’ 9.81  9.60 0.18 039 1007 9.68 937 022 008 9.93 941 978 0.22 0.22

O Tenderness® 9.64 945 0.17 041 997" 950™ 918" 021 002 9.77 929 957 020 0.24

“*Means in the same column lacking a common superscript differ due to guality grade (P —Value < 0.05)

™*Means in the same column lacking a common superscript differ due to final temperature (P — Value < 0.05)

“Means in the same column lacking a common superscript differ due to cook method (P — Value < 0.05)

*Attributes were scored using a 15-point numerical scale: 0 = none and 15 = extremely intense.

Standard error (largest) of the least squares means

*MF Tenderness = Muscle Fiber Tenderness: CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overall Tenderness
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Table 2. Trained sensory attributes1 of USDA Select and Upper 2/3 Choice (Top Choice) beef gluteus
medius cooked to three degrees of doneness using three cook methods.

Quality Grade Final Temperature (°C) Cook Method
Attribute Select Top  SEM* P— 583 70 80 SEM* P— Grill Pan Oven SEM® P—
Choice Value Value Grill  Roast Value

Beef FlavorID  6.93  6.95 0.11 0.83 06.82 696 7.05 012 027 699° 7.27° 656' 0.13 <0.01

Browned 585 570 0.14 0.29 552" 562" 620" 016 <001 552° 6.20° 5.62° 016 <0.01
Roasted 675 676 012 094 639" 682" 7.05™ 013 <0.01 659" 6.53° 716" 013 <0.01
Bloody/Serumy 0.60 0.66 0.06 040 1.18™ 052" 0.19° 007 <0.01 075 057 058 0.06 0.07

Metallic 127 128 0.06 092 144" 130" 110" 007 <001 1.25 127 131 0.07 0.82
Fat-Like 096 1.06 005 012 1.28™ 096" 080" 0.06 <0.01 1.17° 1.02° 0.86" 0.06 <0.01
Umami 080 0.85 005 039 080 081 087 006 058 084 089 074 006 0.09
Sweet 028 022 003 014 027 024 023 004 065 027° 016" 031 0.03 <0.01
Sour 08 095 006 025 113" 1.02"™ 056" 007 <0.01 099 082 090 0.07 028
Salty 0.77a 0.63b 004 <001 063 071 076 005 009 069 082" 059" 005 <001
Bitter 070 0.65 0.07 0.78 045" 067™ 087" 009 <001 053" 1.12° 035" 0.09 <0.01
Burnt 047 036 009 038 013" 039" 072" 011 <0.01 0.23' 099 002" 011 <0.01
Buttery 0.25h 0.34a 0.03 004 046™ 021" 021" 004 <001 036 0.28 024 004 0.10
Heated Oil 003 0.04 001 048 0.03 0.03 0.04 001 0.67 005 004 0.02 002 018

Cardboardy 041 045 0.04 0.42 045 044 042 005 090 045" 025 051" 0.05 0.03
Livery 021 0.23 0.04 0.67 0.28 022 015 004 0.09 023% 014" 029" 0.04 0.03
Green/Hay-Like 0.23  0.25 0.04 0.68 0.28 027 017 0.04 010 0.26 0.21 0.25 0.04 0.68

Earthy/Musty  0.58  0.54 0.05 0.53 0.62 059 049 006 016 0.26 0.56 0.57 006 0.99

Juiciness 735h 7.78a 0.16 003 890" 752" 627° 020 <001 767 746 756 0.20 0.69
MF Tenderness’ 8.63 859 0.14 085 9.63" 838" 7.83° 017 <001 873 835 876 017 017
CTTenderness’ 9.09 912 015 0.89 1000 876" 851" 0.18 <001 9.18 8583 930 0.18 013

OTenderness® 882 878 013 031 972" 854" 814" 016 <0.01 889 855 895 016 0.15

*®\jeans in the same column lacking a common superscript differ due to quality grade (P — Value < 0.05)

™Means in the same column lacking a common superscript differ due to final temperature (P — Value < 0.05)

“*Means in the same column lacking a common superscript differ due to cook methaod (P — Value < 0.05)

*Attributes were scored using a 15-point numerical scale: 0 = none and 15 = extremely intense.

“standard error (largest) of the least squares means

*MF Tenderness = Muscle Fiber Tenderness; CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overall Tenderness
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Table 3. Trained sensory attributes! of USDA Select and Upper 2/3 Choice (Top Choice) beef rectus
femoris cooked to three degrees of doneness using three cook methods.

Quality Grade Final Temperature (°C) Cook Method
Attribute select Top  SEM® P— 533 70 80 SEM® P— Grill  Pan Oven SEM? P—
Choice Value Value Grill  Roast Value

Beef Flavor ID  5.94 6.92 011 085 6.73" 6.97™ 7.10™ 013 003 698 718" 664" 013 <001

Browned 547 552 013 073 5.24" 5.36" 5.88™ 0.16 <001 561" 641" 446 016 <0.01
Roasted 6.93 6.74 011 0.08 6.45" 691" 7.16" 0.12 <001 668" 673" 710" 012 <001

Bloody/Serumy 0351 0.60 007 032 101" 053" 012" 009 <001 059 050 056 008 069

Metallic 109 102 006 040 125" 109" 082" 0.07 <001 105 101 111 007 049
Fat-Like 091k 108 006 001 1177 100" 081° 007 <001 106" 113" 080" 069 <001
Umami 075 0.82 0.05 021 074 0.81 081 006 052 073' 094" 069 006 <0.01
Sweet 024 022 0.03 027 029 027 023 004 052 028 022 029 004 032
Sour 056 063 005 029 069" 067" 043" 0.06 <001 061 053 0.65 0.06 0.30
salty 074" 062° 005 004 055" 064" 085" 006 <001 063' 078" 063" 006 005
Bitter 056 047 0.06 025 044" 041" 089" 007 <001 044Y 080° 029° 007 <001
Burnt 023 016 006 036 012" 004" 041™ 007 <001 008" 050° =0.01Y 007 <0.01
Buttery 0.25° 040° 003 <001 045" 028" 023" 004 <001 0.38° 038 020 004 <001
Heated Oil 004 005 001 038 003 002" 008" 001 001 006 005 0.03 001 026
Cardboardy 041 043 005 079 042 043 041 005 097 037 041 048 006 031
Livery 021 025 0.04 053 031 021 018 005 013 018 021 030 005 015

Green/Hay-Like 0.19° 027° 003 003 0.28 0.21 019 003 018 028" 015" 025" 004 001

Earthy/Musty 048 048 004 085 051 0.52 040 005 009 045 053 045 005 029

Juiciness 7.23 7.35 017 056 841™ 764" 582° 019 <001 7.16 723 748 020 032
MF Tenderness® 8.82 8.68 016 045 9.28™ 891 808" 018 <001 852 871 903 018 009
CTTenderness’ 9.38  9.07 0.12 005 973" 940" 854" 015 <001 9.08 914 945 014 013

O Tenderness®  2.05 §8.82 013 015 942" 909" 829" 015 <001 875 887 918 015 009

*PpJezns in the same column lacking & common superscript differ due to quality grade (F— Value < 0.05)

™Means in the same columnn lacking a commen superscript differ due te final temperature (P — Value < 0.05)

**Means in the same column lacking a commen superscript differ due to cook method (P —Value < 0.05)

Lattributes were scored using a 15-point numerical scale: 0 = none and 15 = extremely intense.

standard error (largest) of the least squares means

*MF Tendarnass = Musdle Fiber Tenderness; CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overzll Tenderness
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Table 4. Trained sensory attributes! of USDA Select and Upper 2/3 Choice (Top Choice) beef triceps
brachii cooked to three degrees of doneness using three cook methods.

Cuality Grade Final Temperature (*C) Cook Method
Attribute select Top  SEM® P— 583 70 80 SEM® P— Gril Pan Owven SEM® P—
Choice Value Value Grill  Roast Value

BeefFlaver I 7.04 712 009 022 694 712 729 012 007 712 720" 685 011 <001

Browned 563 569 011 069 541" 555" 603™ 014 <001 584" 642Y 473 014 <001
Roasted 683 683 008 093 542° 690" 717" 010 =001 669" 669 711' 010 =001

Bloody/Serumy 065  0.62 006 072 121" 053" 017" 007 <001 071 057 063 007 034

Metallic 114 110 005 051 127" 118" 090° 006 <001 110 111 115 006 067
Fat-Like 1.01° 113 004 001 119" 112" 089" 004 <001 106 107 107 004 095
Umami 081" 096 005 <001 081" 023" 102" 006 <001 092° 098" 075 006 <001
Sweet 024 028 003 035 027 028 024 004 062 022 024 032 004 011
Sour 0f% 068 008 099 088" 069" 047° 009 <001 067Y 057 081" 009 003
Salty 067 069 004 055 053" 067" 084" 005 <001 074" 078 052 005 <001
Bitter 046 049 005 065 031" 049" 064" 006 <001 043" 071 029° 006 <001
Burnt 024 016 005 023 0058 017" 038" 006 <001 014" 046 =001' 006 <0.01
Buttery 028 040" 003 <001 043" 034™ 026" 004 <001 035 036 031 004 052
Heated Oil 005 004 001 028 003 006 006 001 027 004 006 004 001 063

Cardboardy 050° 038" 004 003 046 042 043 005 083 038 037 055 005 =001
Livery 022 023 004 09 026 026 016 005 017 0177 015 036 005 <001
Green/Hay-like 0.15b 028° 003 =001 0.25 024 015 004 009 022 020 023 004 085
Earthy/Musty 043 049 005 029 046 053 040 005 015 047 040 051 005 028

Juiciness 758 786 015 009 882" 768" 6677 017 =001 756" 749 210" 017 <001
MF Tenderness® 8.10° 8.82° 014 <001 894" 227" 817" 017 <001 856 851 832 017 056
CT Tenderness® 8.562° 922° 014 <001 912 885 878 017 031 888 900 888 017 085

OTenderness® 831" 897° 012 <001 898" 852" 843" 015 002 869 870 854 015 070

*Means in the same column lacking @ commen superscript differ due to quality grade (P —Value < 0.05)

™heans in the same columnn lacking @ common superscript differ due to final temperature (P—Value < 0.05)

**Means in the same celumn lacking a commen superscript differ due to cook methed (P —Value < 0.05)

*attributes were scored using a 15-point numerical scale: 0 = none and 15 = extremely intense.

*standard error (largest) of the least squares means

*1F Tenderness = Muscle Fiber Tenderness; CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overall Tenderness
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Table 5. Trained sensory attributes! of USDA Select and Upper 2/3 Choice (Top Choice) beef teres
major, roast thickness only, cooked to three degrees of doneness using three cook methods.

Quality Grade Final Temperature (*C) Cook Method
Attribute Select Top  SEM® P— 583 70 80 SEM® P— Grill Pan Oven SEM® P—
Choice Value Value Grill  Roast Value

Beef Flavor ID  6.92 690 011 0980 &.74 6§89 711 013 o007 720 671 618 013 <001

Browned 588 593 013 071 553° 590" 627" 015 <001 600" 649 524 015 <001

Roasted 667 673 014 072 642" 664" 704" 016 <001 685" 625 7000 016 <001
Bloody/Serumy 074 084 008 023 132" 079" 023° 010 =001 078 074 082 010 078

Metallic 117° 134 o006 002 1397 124™ 115" 007 002 130 128 120 007 047
Fat-Like 123 122 o006 087 144" 125" (098" 007 <001 134° 113" 1.21% 007 005
Umami 074 071 006 064 066 073 078 007 039 087 059 070" 007 <001
Sweet 025 024 003 084 030" 026™ 018° 004 004 030" 017° 027" 004 020
02
Sour 061" 113 005 <001 097" 095" 069° 007 <001 0.86Y 103" 072 007 =0.01
Salty 075 077 004 078 063 078" 089" 005 <001 079 059 090" 005 <001
Bitter 105 09 010 052 069" 113" 120" 012 <001 081" 188 034 012 <001
Burnt 094 069 012 015 038" 09" 110" 015 <001 044" 199" <001° 015 =0.01
Buttery 038 035 004 060 051" 037" 023° 005 <001 046" 031 034Y 005 005
Heated Qi 010 007 002 018 008 012 005 002 008 008 010 008 002 054
Cardboardy 046" 074 006 <001 065 065 051 007 016 050° 049 082 007 <0.01
Livery 026" 042° 005 <001 043 030 029 005 006 031 029 043 005 007

Green/Hay-Like 020 027 003 005 028 024 018 003 007 0227 017" 030" 003 002

Earthy/Musty 052° 092° 006 <001 0.79 070 067 007 040 060 0.62' 094" 007 =001

Juiciness 812 B43 0.015 009 910" 855" 718" 017 <001 821 839 B8.24 017 086
MF Tenderness’ 969 959 016 064 1034 954" 903" 019 <001 969 960 962 019 0892
CT Tenderness® 10.02 9.99 016 088 1056 997" 948" 018 <001 1001 982 1017 018 032

OTendernsss’ 977 9.68 015 063 1032 963" 923" 017 <001 9.77 962 979 017 071

*“Ieans in the same column lacking  commeon superscript differ due to quality grade (P —Value < 0.05)

™ heans in the same column lacking 8 commen superscript differ due to final temperature [P —Value < 0.05)

“*Means in the same column lacking a common superscript differ due to cook methed (P —Value <0.05)

*attributes were scored using a 15-point numerical scale: 0 = none and 15 = extremely intense.

*standard error (largest) of the least squares means

*MF Tenderness = Muscle Fiber Tenderness; CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overall Tenderness
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Table 6. Trained sensory attributes! of USDA Select and Upper 2/3 Choice (Top Choice) beef teres
major 1 inch steaks and roasts cooked to three degrees of doneness using two cook methods.

Quality Thickness Final Temperature Cook Meth-
Grade (°C) od

Attribute Se-  Top GSEM® P—  Roast 1linch SEM® FP— 583 70 g0 SEM® P— Grill Pan SEM? P—

lect  Choi Value Value Walue Grill Value

(=]
BeefFlavor I 703 655 010 03% 6598 701 010 075 638 659 711 011 014 705 633 0.10 020
Browned 613 614 012 088 626" 601" 012 005 584 604 651" 013 <001 534" 533" 0.12 <001
Roasted 651 658 009 054 655 654 009 0590 633 650 681° 010 <001 668 641" 009 <001
Bloody/Serumy 064 076 006 010 077 063 006 008 116 074 020" 007 <001 074 066 0.06 032
Metallic 111° 126" 005 <001 131" 1077 005 <001 1325 121 110 006 008 119 118 0.05 050
Fat-Like 124 120 005 053 12 124 005 056 148 124" 095" 006 <001 124 131 0.05 056
Umami 081 o072 005 008 071" 08"~ 005 002 075 075 079 006 O77 087 071 005 0.03
Sweet 025 027 003 060 023 02% 003 012 030 030" 018 004 002 033 013 003 <001
Sour o60° 111* 006 <001 08B0 0%0 006 013 085 050° 071" 007 <001 091 079 0.06 008
Salty 077 078 004 076 085" 063" 004 <001 065 078 050" 0.05 <001 07 082 0.04 0.04
Bitter 108 053 008 015 134 066 008 =001 065 108 126 010 =001 063 132° 008 <001
Bumnt 090" 0.61° 010 003 122" 029 010 <001 035 082 110° 012 <001 031Y 120° 010 <001
Buttery 042 033 003 054 038 043 003 032 056 033 0328 004 =001 043 038 0.03 027
Heated Qil 003 OO 002 OO 009 OO0 002 021 008 010 005 002 010 006 009 0.0 012
Cardboardy 046" 064" 005 <00l 050 060 005 005 057 062 046 006 003 057 053 0.05 051
Livery 026h 041" 004 =001 031 036 004 025 0400 038 024 005 001 035 031 004 038
GreenfHay- 01% 0325 003 007 020 025 003 016 024 035 017 003 011 024 020 0.03 022
Like
Earthy/Musty 055° 083" 005 <001 061" 077" 005 =001 076 070 060 006 008 070 068 0.05 074
luiciness 781 805 805 011 219" 776" 012 <001 239 803" 687 014 =001 T8I 758 012 046
MF Tender- 983 982 982 09 263" 10027 014 003 1072 577 853" 017 <001 283 982 0.14 035
nl!SS3
CTTenderness® 10.21 102 102 099 990" 1052 013 <001 1095 10.17° 9.52° 015 <001 1024 1018 013 070
1 1

O Tenderness’ 991 991 991 089 967" 1015" 013 <001 1068 985 921" 015 <001 995 983 0.12 064

“*Means in the same column lacking a comman superscript differ due to quality grade (P — Value < 0.05)

im0

Means in the same column lacking 3 commen superscript differ dus to final temperature (P — Value < 0.05)

"*Means in the same column lacking 2 common superscript differ due to cook method (P — Value < 0.05)

'amributes were scored using 3 15-point numerical scale: 0 = none and 15 = extremely intense.

“Standard error (largest) of the least squares means
*ME Tenderness = Muscle Fibe r Tenderness; CT Tenderness = Connective Tissue Tenderness; O Tenderness = Overall Tenderness
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